To determine whether class 1 UV-blocking contact lenses protect against UVB radiation-induced damage in a human lens epithelial cell line (HLE B-3) and postmortem human lenses using a proteomics approach.
B
ecause of its location along the optical axis of the eye, the lens is chronically exposed to intermittent solar near-ultraviolet (UV) radiation, which is composed of UVB (290 -320 nm) and UVA (320 -400 nm) radiation. All UV wavelengths Ͻ297 nm are absorbed by the cornea, which then transmits increasing amounts of longer UV wavelengths to the lens. The solar UV radiation that reaches the Earth's surface typically contains only 3% UVB, although geographic, physical, and meteorological factors influence this value. Environmental radiation that reaches the lens epithelium contains 3% to 8% UVB and 40% to 60% UVA. 1, 2 Approximately 0.0006 to 0.005 mW/ cm 2 UVB and 100 to 1000 mW/cm 2 UVA radiation are transmitted to the human lens epithelium and cortical fiber cells. Even at these low levels, UV radiation can adversely affect the lens after cumulative exposure over many decades. [3] [4] [5] Lens epithelial cells are a likely target for UVB damage because they are the first cells in the lens to be exposed to UV radiation. 6 Epithelial cells, which serve key transport functions for the entire lens, are key sites of enzyme systems that protect the lens from oxidative stress. Exposure of cultured cells to UVB radiation induces DNA damage and repair and triggers alterations in the synthesis of specific proteins. [7] [8] [9] Lens fiber cell proteins have a long lifespan because of limited protein turnover. Tryptophan residues within lens proteins absorb UVB radiation, and these proteins also accumulate chromophores, such as the singlet oxygen-producing chromophore N-formylkynurenine (N-FK), which absorbs UVB radiation from the environment and produces reactive oxygen species. 5, 10, 11 In addition, UVB and UVA radiation is absorbed by benign UV filters present in human lenses such as 3-hydroxykynurenine glucoside, which do not themselves have photosensitizing properties. The function of these UV filters, which are present even before birth, is to reduce blue light scatter and protect the retina from UV radiation. 12 With age, these benign UV filters become bound to lens proteins and then function as photosensitizers. [12] [13] [14] Thus, the lens is particularly susceptible to the long-term effects of stressors such as environmental near-UV radiation. Near-UV radiation is a risk factor for cataract formation, 15, 16 and UVB irradiation of animal lenses in vivo results in cataract formation. 17, 18 After 1 day of UVB exposure, apoptotic bodies were detected in both central and equatorial lens epithelia of rat lenses. 17 After a 1-week latency period, abnormal fiber cells were detected. Several weeks later, the epithelium recovered completely whereas the lens fibers, although mostly repaired, still contained some damage. These findings suggest that disturbances in fiber cell spatial order correlate with initial damage to the lens epithelium. 17 The role of different wavelengths of near-UV radiation on the etiology of cortical cataracts varies widely among species. 19 Mouse lenses mainly absorb UVB, whereas guinea pig and rabbit lenses also contain chromophores that absorb UVA. UV absorption by human lenses increases substantially with age. A window of transmission at 320 nm occurs in very young human lenses, but this window is no longer present by middle age. Older human lenses absorb all UVA and blue light wave-lengths, filtering them from the retina. In this case, lens absorption extends to wavelengths in the visible region up to 550 nm. Thus, although UVB may have a higher potential to cause damage, the amount of UVA radiation reaching the human lens is two orders of magnitude greater. 2, 19 The clinical and protective effects of UV (UVB and UVA)-blocking contact lenses (Acuvue Oasys with HydraClear Plus Technology; Vistakon, Johnson & Johnson Vision Care, Inc., Jacksonville, FL) on lens aging and cataract formation are unknown. Recently, UV-blocking contact lenses were shown to protect the rabbit cornea and lens from UVB-induced activation of matrix metalloproteinases and decreases in ascorbate levels of the aqueous humor. 20 Quantification of the protective effects of these UV-absorbing polymers against the biological effects of UVB radiation in human lens epithelium and lens fiber cells is important for understanding mechanisms of protecting the human eye from aging and cataractogenesis. 21, 22 Although sunglasses filter UVB transmission to the lens, they do not protect against peripheral light focusing. 23 In contrast, UVB-blocking contact lenses provide complete protection from peripheral light focusing of UVB radiation. 21, 22 As ozone depletion increases the amount of UVB radiation that reaches the Earth's surface, early assessment of the protective effects of UV-blocking contact lenses is invaluable. 3, 6, 23 Although global gene expression changes have been observed in UVA-exposed lens epithelial cells, 24 alterations in protein expression in human lens epithelial cells and postmortem human lenses after UVB radiation have not been studied. We have studied the effects of UVB radiation on a human lens epithelial cell line (HLE B-3) and postmortem human lenses to observe changes in protein abundance. Our objective was to use a proteomics approach to identify alterations in protein abundance that accompany the mechanisms associated with UVB-induced cataract formation. We hypothesized that UVblocking contact lenses can ameliorate such changes and that changes in the human lens proteins of cortical fiber cells are prevented or inhibited by UV-blocking contact lenses. To test these hypotheses, we compared the contact lens Acuvue Oasys (UV-blocking Acuvue Oasys senofilcon A; Vistakon), the non-UV-blocking contact lens Focus Night and Day (lotrafilcon A; CIBA Vision, Duluth, GA), and a control (no contact lens). Both contact lens types contain silicone hydrogel materials. Senofilcon is associated with significant UV-blocking activity (US Food and Drug Administration class 1 blocker that absorbs 99% of UVB and 90% of UVA). 25 Lotrafilcon absorbs only 30% of incident UVB and 15% of UVA, 25 although both these contact lenses have high oxygen permeability.
METHODS

Cells and Lenses
An extended lifespan human lens epithelial cell line (HLE B-3) that was generated in our laboratory 26 and characterized previously 7, 24, 27, 28 was used in these studies from passages 8 to 10. Postmortem human lenses were obtained from the National Disease Research Interchange (Philadelphia, PA). These lenses were not associated with any personal identification information.
UVB Irradiation
A 1000-W, ozone-free, mercury-xenon arc lamp was used for UVB irradiation. Infrared radiation was filtered using a water filter. Monochromatic radiation at 302 nm was obtained using a 0.25-m monochromator with a 1200-line/mm grating blazed at 280 nm. A beam turner was used to turn the beam by 90°to irradiate the samples at a distance of 16 cm. The bandwidth was 5.1 nm. 4, 28, 29 To prevent residual lower wavelength UVB radiation from reaching the cells, a filter (CS0 -53, 1 mm; Corning Inc., Corning, NY) was placed on top of the tissue culture plate according to previously described methods. 4 Irradiance was routinely measured with a calibrated radiometer (IL1700; International Light Technologies, Peabody, MA). 4 Cell cultures were exposed to 6.4 mW/cm 2 of 302 nm radiation for 2 minutes. Human lenses were exposed to 6.4 mW/cm 2 of 302 nm radiation for 4 minutes.
Irradiation of Cell Cultures for Confocal Microscopy
HLE B-3 cells were plated in 24-well tissue culture plates containing glass coverslips. Cells were cultured in Eagle's minimum essential medium (Sigma-Aldrich, St. Louis, MO) containing 20% fetal bovine serum (Sigma) and 50 g/mL gentamicin (Sigma) as described previously. 26 The culture medium was removed and replaced with phosphate-buffered saline containing Ca 2ϩ and Mg 2ϩ . In each UVB irradiation experiment, a well of one plate was covered with a senofilcon A (Acuvue Oasys; Vistakon) class 1 UV-blocking contact lens, a well of a second plate was covered with a lotrafilcon A (Focus Night and Day) non-UV-blocking contact lens, and a third plate remained uncovered. A fourth plate was not exposed to UVB radiation as a control. Cells were fixed, permeabilized, and labeled with fluorescein phalloidin to examine changes in the F-actin cytoskeleton. 30 Cells were also colabeled with a ␤-tubulin antibody and an Alexa-568 -labeled secondary antibody to allow visualization of the microtubule cytoskeleton. 31 Cells were examined by confocal microscopy. 31 Four random microscopic fields were examined under each condition.
Irradiation of Cell Cultures for Proteomic Analysis
HLE B-3 cells were plated in 24-well tissue culture plates and covered with a filter (CS 0 -53; Corning Inc.) to separate out residual shorter wavelengths (Ͻ300 nm) before irradiation. Cells were irradiated as described with or without senofilcon A class 1 UV-blocking contact lenses (Acuvue Oasys; Vistakon) or non-UV-blocking contact lenses placed on top of the Corning filter. The total fluence was 768 mJ/cm 2 , which is equivalent to 42 hours of maximum sunlight exposure of human lens epithelial cells. 2, 6 Cells were incubated for 4 hours after UVB exposure, lysed, and assessed by proteomic analysis.
Irradiation of Human Lenses
Two 17-year-old and two 62-year-old human lenses were used in this study. Lenses removed from the eyes were received on ice and appeared to be transparent. The lenses were used Ͻ48 hours after death. Human lenses were dissected into halves with a sharp blade, and the four sections were each placed in one well of four 24-well tissue culture plates. The anterior side of the lens faced the UVB beam, which was evenly spread over the entire lens surface. The lens sections were moistened with a drop of PBS to prevent drying. Before UVB irradiation, each plate was covered with a filter (CS 0 -53; Corning Inc.). In each experiment, the well of one plate was covered with the UVblocking contact lens, the well of another plate was covered with the non-UV-blocking contact lens, and a third plate remained uncovered. These three plates were exposed to UVB radiation. In addition, a fourth plate was not treated with UV radiation. To prevent any leakage of UVB radiation around the contact lenses, three contact lenses were placed adjacent to each other to completely cover the top of the culture well containing the tissue. Lenses were irradiated with monochromatic UVB radiation at 302 nm (6.4 mW/cm 2 ) for 4 minutes. The total fluence was 1536 mJ/cm 2 , which is equivalent to 85 hours of maximum sunlight exposure of the lens.
2,6
Two-Dimensional Difference Gel Electrophoresis
Because UVB radiation is absorbed mainly by the epithelium and outer cortical fiber cells, the outer epithelial and cortical fractions of the human lenses were dissected and placed in lysis buffer containing 30 mM Tris-HCl (Bio-Rad, Hercules, CA), 2 M thiourea (Sigma-Aldrich), 7 M urea (Bio-Rad), 4% CHAPS (Bio-Rad), and 1ϫ complete protease inhibitor cocktail tablets (Roche, Indianapolis, IN), pH 8.5. Lens proteins (50 g) were labeled with 400 pmol Cy2, Cy3, or Cy5. Pools were prepared by mixing equal protein quantities from each sample after dye labeling. Two-dimensional difference gel electrophoresis (2D-DIGE) was performed at the Proteomics Core Laboratory according to published methods. 32 Briefly, samples were equilibrated onto immobilized pH gradient strips at 100 V and subjected to isoelectric focusing using a maximum of 10,000 focusing volts (Protean IEF cell; Bio-Rad). After focusing, proteins were reduced with Tris(2-carboxyethyl) phosphine hydrochloride (TCEP, 10 mM) and alkylated with iodoacetamide (20 mM). The IPG strip was then layered on a 10% to 20% polyacrylamide gel, and proteins were separated by SDS-PAGE. Samples were imaged (Typhoon 9400 Imager; GE Healthcare, Piscataway, NJ) using specific excitation and emission wavelengths for Cy2 (488 and 522 nm), Cy3 (520 and 580 nm), and Cy5 (620 and 670 nm). Control and experimental samples were labeled with blue, green or red fluorescent dyes and run on the same 2D gel. 33, 34 Image analysis was performed to assess differences between contact lens-protected and unprotected UVB-irradiated human lenses. Individual protein spots that showed differential intensities between covered and uncovered lenses were excised from the gel and analyzed by mass spectroscopy.
Mass Spectrometric Analysis
Single-or multi-gel analyses were used to determine changes in protein abundance after UVB exposure. Single-gel analysis was performed to compare the following conditions: control and UVB-exposed HLE B-3 cells (Table 1, Fig. 1) ; control, UVB, and UVB ϩ UV-blocking contact lens-covered HLE B-3 samples (Table 2 , Figs. 1, 2); and control, UVB, and UVB ϩ UV-blocking contact lens-covered human lenses from a 62-year-old patient (see Table 5 ). Multi-gel analysis was performed with a pooled internal standard. This approach was used to compare control, UVB-exposed, UVB ϩ UV-blocking contact lens, and UVB ϩ non-UV-blocking contact lens samples of HLE B-3 cells (Table 3; see Fig. 4 ) with the 17-year-old human lenses (Table 4) . Multi-gel comparisons were performed using different combinations of sample sets. The control sample was labeled with Cy3, and irradiated samples were labeled with Cy5. A pool of all samples was labeled with Cy2 and served as a standard common to each gel. The pooled standard, the control, and one test sample were combined and run on each gel. Images were generated and compared within each 2D gel using image analysis software (DeCyder version 6.5; GE Healthcare). Differential in-gel analysis was used to normalize and compare quantitative differences between images from each gel. Pairwise analysis of proteins across different physical gels was performed using the biological variation analysis (BVA) module to quantify relative differences between the samples.
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Analysis of Pool-Based Data
Pool-based experiments involved a pool of proteins from all samples in the experiment to provide a common comparator for each sample. Because the pool is identical on each gel, the fold-change "difference" for a spot in the pool image is 1.0 (representing no change) when Two controls (C1 and C2) and one UVB sample were compared on the same gel. All the entries had 100% identification probability except for 6-phosphogluconolactonase, which had a 98% identification probability, and TXDNC5, which had 99% protein identification probability. comparing pool images from any two gels. This designation allowed us to compare protein amounts for spots in UVB or UVB/UV-blocking contact lens samples to the pool on the same gel and to determine relative amounts of protein. Although UVB treatment and UVB treatment/UV-blocking contact lens samples were on different gels, their fold-change values were determined in comparison with the pooled sample, which was run on each gel. Because the pool from one gel is identical with the pool from the other, the UVB treatment and UVB treatment/UV-blocking contact lens fold-change values can be compared directly.
Database Searching
Mass spectra were acquired using nano-LC-MS as previously described. 35 The tandem spectra were used to search protein databases with Mascot software (Matrix Science, London, UK; version 2.1.1.0). The nr_20080708 database (selected for Homo sapiens, 127,310 entries) was searched using trypsin as the endoprotease, a parent mass tolerance of 20 ppm, and a fragment ion mass tolerance of 0.7 Da. The iodoacetamide derivative of cysteine was specified in Mascot as a fixed modification and oxidized methionine residues as a variable modification. Additional data processing details are described in Mendelsohn et al. 32 
Criteria for Protein Identification
Scaffold (version Scaffold_3_01_00; Proteome Software Inc., Portland, OR) was used to qualify MS/MS-based peptide and protein identification. 36 Protein identification was accepted if identity could be established at Ͼ95% probability and contained at least two identified peptides. Protein probabilities were assigned by the Protein Prophet algorithm. 37 Proteins that contained similar peptides but were not differentiated based on MS/MS analysis alone were grouped to satisfy the principles of parsimony.
Knowledge-Based Network Analysis
After false-positive analysis (Protein Prophet) and removal of contaminants (e.g., keratins), proteins listed in Tables 1 to 5 (identified by NCBI Gi numbers) were entered into Ingenuity Pathways (www.ingenuity.com) (IPA, version 8.8; Redwood City, CA) as an *.xls file. Fold changes represent proteins with increased (positive numbers) or decreased (negative numbers) expression in UV-exposed versus control samples.
The software mapped 99 of 118 Gi numbers, corresponding to 99 gene symbols. Duplicate names corresponding to the same gene were eliminated. Ingenuity was set to generate up to 25 networks containing up to 35 members each, with no additional restrictions. Biological networks and pathways were generated from the input data ("focus genes") and gene objects in the Ingenuity Pathways Knowledge Base. Interaction networks generated using this method show proteins with positive fold change as shades of red and those with negative fold change as shades of green. Increased magnitude of change is indicated by a more intense color.
RESULTS
HLE B-3 Cells
Cells appeared to have a normal morphology at 4 hours after UVB exposure. The effects of UVB radiation on the HLE B-3 proteome had not been analyzed previously. Our objective was FIGURE 1. Analysis of changes in lens epithelial cell proteins in unirradiated and UVB-irradiated cells. The 3D data sets for representative proteins in two control (C1 and C2) and one UVB-exposed HLE B-3 cultures are shown. See Table 1 for proteins contained in each protein spot. Right: fold changes between each sample. For all proteins, the identification probabilities were 100%.
to determine the protective effects of UV-absorbing contact lenses against UVB-induced changes in protein expression in HLE B-3 cells. We first analyzed the effect of UVB radiation on protein abundances in HLE B-3 cells (Table 1) . Two controls (C1 and C2) and one UVB-exposed sample were run on a single gel ( Supplementary Fig. S1 , http://www.iovs.org/lookup/suppl/ doi:10.1167/iovs.11-7633/-/DCSupplemental). Analysis identified changes in the abundance of several proteins after UVB exposure, and the 3D data sets for some of these protein spots are shown in Figure 1 . We next determined the effects of class 1 UV-blocking contact lenses on proteins that showed increased or decreased abundance after UVB exposure. Control cells, UVB-exposed cells, and cells exposed to UVB through the UV-blocking contact lenses were run on the same gel. Analysis of this gel identified changes in expression of several proteins after UVB exposure. Specifically, protein spot 3662 (containing ␤-actin, HNR PF protein, and eukaryotic translational factor), spot 5258 (peroxiredoxin, Hsp27, and triose phosphate isomerase), and spot 5685 (RING12) were altered. The class 1 UV-blocking contact lenses provided partial protection against alterations in these proteins after irradiation ( Table 2 , Fig. 2 ). Next, we compared the protective effects of UV-blocking and non-UV-blocking contact lenses on the UVB-induced effects on protein expression in HLE B-3 cells. The four samples (control, UVB, UVB ϩ UV-blocking contact lens, and UVB ϩ non-UV-blocking contact lens) were pooled and run on each of four 2D gels as a standard. For each protein spot, we determined the ratio of the experimental sample to the pooled sample (control vs. pooled, UVB vs. pooled, UVB ϩ UV-blocking contact lens vs. pooled, and UVB ϩ non-UV-blocking contact lens vs. pooled). Protein spots that changed Ͼ1.7-fold in this comparison were considered significant, indicating a 95% confidence interval (that is, 95% of the fold change in protein spots was Ͻ1.7). Changes in protein abundance after UVB irradiation were of lower magnitude in samples irradiated through UV-blocking contact lenses. The 3D data sets for a few representative spots are shown in Figure 3 . Mass spectroscopybased proteomic analyses of these proteins are presented in Table 3 . Protein spot 2422 (␤-actin) showed a 2.09-fold increase between the control cells and the UVB-treated cells. This difference decreased to nearly 1, representing no change, when UV-blocking contact lenses were used (control vs. UVB ϩ UV-blocking contact lenses ϭ 1.18) but did not decrease substantially when non-UV-blocking contact lenses were used (C vs. UVB ϩ non-UV-blocking contact lenses ϭ 1.93). The abundance of spot 2580 (G3PDH and annexin A2) and spot 2584 (annexin A2) increased 1.95-and 1.75-fold, respectively, after UVB irradiation. In these cases, only UV-blocking contact lenses protected the cells from these changes, whereas non-UV-blocking contact lens lenses provided no protection (Table  3) . Similarly, spot 3086 (triose phosphate isomerase), spot 4077 (ubiquitin B precursor), and spot 4162 (vimentin, nucleophosmin 1, and ␤-actin) increased 2.08-, 2.08-, and 1.83-fold, respectively, with UVB treatment. The alterations in spot 4162 (vimentin, nucleophosmin 1, and ␤-actin) were not protected by non-UV-blocking contact lenses but were somewhat protected by UV-blocking contact lenses. The changes in spot 4077 (ubiquitin B precursor) and spot 3086 (triose phosphate isomerase) were almost completely protected by UV-blocking contact lenses but were not protected by the non-UV-blocking contact lenses. For all proteins, the UV-blocking contact lenses had a greater protective effect than the non-UV-blocking contact lenses. Among the proteins that showed decreased abundance with UVB treatment, spot 1511 (caldesmon 1, ezrin, and zyx protein) decreased 2.01-fold with UVB radiation, and this change was prevented by the UV-blocking contact lenses, whereas no protection was observed with the non-UV-blocking contact lenses. Spot 1529 (lamin A/C transcript variant 1 and other proteins; see Table 3 ) decreased 1.7-fold after UVB radiation, and this alteration was completely abrogated by the UV-blocking contact lenses but not by the non-UV-blocking contact lenses. Spot 2284 (eukaryotic translational initiation factor and ␤-actin) decreased 1.85-fold in the presence of UVB radiation; this change was partially protected by UV-blocking contact lenses but was not protected by non-UV-blocking contact lenses. Although spot 769 (prepro ␣ [1] collagen) decreased 2.86-fold after UVB exposure, the changes in this protein spot were not significantly protected by either lens Table 2 . Right: fold changes between each sample. type, although non-UV-blocking contact lenses protected slightly better protection than did UV-blocking contact lenses.
Staining with fluorescein phalloidin, which labels the F-actin cytoskeleton, and ␤-tubulin immunofluorescence, which labels the microtubule skeleton, was examined in untreated cells, cells exposed to UVB, cells exposed to UVB in the presence of UV-blocking senofilcon A lenses, and cells exposed to UVB in the presence of non-UV-blocking lotrafilcon lenses (Fig. 4) . F-actin fluorescence was strong in control cells but decreased substantially when cells were exposed to UVB radiation. The UV-blocking senofilcon A contact lenses completely prevented changes in F-actin staining after UVB radiation, whereas non-UV-blocking lotrafilcon lenses did not prevent the decrease in intensity of F-actin fluorescence. Similarly, the microtubule cytoskeleton visualized by immunofluorescence staining for tubulin (red) was strong in control cells but decreased substantially when cells were exposed to UVB radiation. UV-blocking senofilcon A contact lenses completely prevented the changes in microtubule staining after UVB radiation. Non-UV-blocking lotrafilcon contact lenses, however, were less protective against the loss of ␤-tubulin immunofluorescence than the UV-blocking senofilcon A lenses. These results indicate that UVB radiation reduces ␤-tubulin staining, and this effect is protected by UV-blocking contact lenses.
Human Lenses
The HLE B-3 cell line is a transformed cell line containing low expression levels of crystallins. 26, 27 Given that crystallins are expressed in lens epithelial cells and are the major proteins of the fiber cells, human lenses are a better model with which to study UVB effects on the lens and especially to determine whether changes in crystallins occur with UVB exposure. We next determined the effects of the senofilcon A class 1 UVblocking contact lenses on UVB-induced changes in protein expression in a pair of 17-year-old human lens by proteomic analysis. To control for the biological variation inherent in human samples, we used the multiplexing attribute of 2D-DIGE to perform an experiment with a pooled sample as an internal standard to normalize protein abundance across multiple gels.
The following four experimental conditions were used: no UVB exposure (control), UVB exposure without contact lenses (UVB), UVB exposure in the presence of senofilcon A class 1 UV-blocking contact lenses (UVB ϩ UV-blocking contact lenses), and UVB exposure in the presence of lotrafilcon A non-UV-blocking contact lenses (UVB ϩ non-UV-blocking contact lenses). We conducted BVA analysis of these gels. Analysis was restricted to spots that were visualized in all three gels and that displayed statistically significant variation (P Ͻ 0.05; Supplementary Fig. S2 , http://www.iovs.org/lookup/ suppl/doi:10.1167/iovs.11-7633/-/DCSupplemental). Using these criteria, nine spots that changed in intensity after 4 minutes of UVB exposure relative to no-UVB controls were identified (Table 4) . These spots were subjected to analysis by MS/MS. Marked reductions in ␣A-crystallin, ␣B-crystallin, aldehyde dehydrogenase 1, glyceraldehyde 3-phosphate dehydrogenase (G3PDH), ␤S-crystallin, and ␤B2-crystallin were observed. These decreases were significantly prevented by class 1 UV-blocking For all proteins, the identification probabilities were 100%.
contact lenses but not by non-UV-blocking lotrafilcon A contact lenses (Table 4 , Fig. 5 ). Spots 602, 608, 615, and 627 contained ␣A-crystallin or ␣B-crystallin, ␤-crystallins, and ALDH1 (55 kDa). Spot 1082 contained G3PDH (36 kDa), ␣A-crystallin, ␤S-crystallin, and ␥C-crystallin. Spots 602, 608, 615, 627, and 1082 decreased in abundance with UVB irradiation.
We next performed proteomic experiments on an additional pair of human lenses. Table 5 shows the decrease in abundance of two protein spots of 62-year-old human lenses after UVB irradiation. The decrease in abundance of these proteins was markedly prevented in the presence of UV-blocking contact lenses. Not surprisingly, UVB exposure induced only reduc- For all proteins, the identification probabilities were greater than 95%. Only those proteins identified by two or more peptides are included. The lenses from a 17-year-old human donor were cut in half, and the halves were used as unexposed controls or controls exposed to UVB radiation with or without contact lenses. Pool-based analysis of the protein abundances was performed. Single-gel comparison of protein spots in control and UVB-exposed human lenses from a 62-year-old donor. Note that this analysis was consistent with several proteins that changed in abundance upon exposure to UVB in the young human lenses: ␣B-crystallin, glyceraldehyde 3 phosphate dehydrogenase, and ␤S-crystallin. Identification probability was 100% for all proteins except ␤S-crystallin, which was 99%.
tions in protein abundance in postmortem human lenses, which were lysed within 5 minutes after UVB exposure. In contrast, both decreases and increases in protein abundance were observed in cultured human lens epithelial cells because these cells had been incubated for 4 hours after UVB treatment, a sufficient time to allow an increase in protein synthesis.
Network Analysis
To determine whether specific groups of proteins were affected by UVB exposure of lenses, the proteins listed in Tables 1 to 5 were analyzed using Ingenuity Pathways software. Figure 6 shows that expression of crystallins as a group decreased after UVB FIGURE 3. Analysis of changes in lens epithelial cell proteins induced by UVB exposure in the absence of contact lenses and in the presence of UV-blocking and non-UV-blocking contact lenses. HLE B-3 cells were exposed to 768 mJ/cm 2 UVB radiation at 302 nm and then incubated in culture medium for 4 hours. Proteins were separated by 2D-DIGE and subjected to MS/MS analysis. Quantitative image analysis data for identified proteins are shown in Table 3 . 
DISCUSSION
Proteomic alterations induced by UVB radiation are of unique interest in the lens and are likely to represent proteins that are most susceptible to UVB radiation. These global analyses may provide insight into perturbations in UVB-induced human cataracts. We have studied the effects of UVB radiation on HLE B-3 cells and postmortem human lenses to observe proteomic changes that represent UVB-induced changes in the abundance of human lens proteins. We have also compared the effects of UV-blocking contact lenses and non-UV-blocking contact lenses and demonstrated remarkable protection from UVBinduced lens protein damage by the UV-blocking contact lenses.
Several important experimental paradigms of this study require further discussion. We used an extended lifespan human lens epithelial cell line in these proteomic analyses, 26 and this protocol allowed us to extrapolate some of the findings to human lens epithelial cells. Using these cells also permitted identification of proteins that were upregulated or downregulated by UVB exposure. Unlike primary cultures, however, these cells express only low levels of ␣A-, ␣B-, and ␤B2-crystallin in early passages. 26, 27, 38 Not surprisingly, UVB-induced changes in crystallins, which are known to be expressed in the lens epithelium, were not detected in these cells. Fortunately, the use of these cells allowed us to examine changes in proteins that we might not have otherwise detected in the presence of the abundant crystallins. In addition, the variations in spot intensities could be used to quantify the protective effect of the contact lenses in this study.
Our proteomic analysis of untreated HLE B-3 cells identified many of the proteins reported previously 38 in addition to ␤-actin and caldesmon 1 isoform 5, which were not reported previously. We found that proteins associated with cell death, such as annexin A2, increased in abundance in UVB-exposed cells, and this increase was inhibited by the senofilcon A class 1 UV-blocking contact lenses but not by the lotrafilcon A non-UV-blocking contact lenses (Table 3) . Similarly, decreases in caldesmon A and lamin A/C transcript variant 1 were prevented by the class 1 UV-blocking lenses. These proteins have not been identified previously in studies of UVB-induced protein effects in lens epithelial cells. Furthermore, our results showed that two of the spots (2422 and 4162) that were identified as ␤-actin increased with UVB exposure, whereas a third spot (2284) that contained ␤-actin and eukaryotic translation initiation factor decreased with UVB (Table 3 ). This finding suggests that the increased actin spots represent modified forms of the original ␤-actin ( Table 3 ) and indicates that we likely observed an increase in the modified forms of ␤-actin in UVB-exposed HLE B-3 cells. The loss of F-actin staining in our confocal microscopy study suggests that polymerization of actin to F-actin polymers decreases after UVB exposure, and our data further indicate that this decrease is prevented by the senofilcon A UV-blocking contact lenses (Fig. 4) . Furthermore, staining of microtubules decreased with UVB exposure, and this decrease was also prevented by the senofilcon A UVblocking contact lenses but not by the lotrafilcon A non-UVblocking contact lenses. Actin filaments and microtubules are required for cell survival and replication, suggesting that the UV-blocking contact lenses can protect lens epithelial cells from UVB-induced cell death.
The experimental paradigm used in this study necessarily required dissection of the human lens into sections and scraping of the epithelial and cortical proteins from the surface. Although care was taken for the same person do this uniformly, the actual changes in human lens protein abundance induced by UVB exposure and the protective effects of UV-blocking contact lenses may not be exact. Nonetheless, we consistently observed protection by UV-blocking contact lenses in HLE B-3 cells and human lenses (Tables 2, 5; Fig. 2) , and higher protection by UV-blocking contact lenses than the non-UV-blocking contact lenses in both experimental systems (Tables 3, 4; Figs. 3, 5). Although we did not always observe 100% protection by the senofilcon A UV-blocking contact lens, this might have been due to the complexity of the methods.
Many of the proteins identified in the human lenses function to maintain the refractive properties of the lens; notably, ␣A-and ␣B-crystallin function as molecular chaperones. 39 -42 The UVB-induced decrease in abundance of ␣A-and ␣B-crystallins and the protection against this decrease provided by the senofilcon A class 1 UV-blocking contact lenses are therefore remarkable and, to our knowledge, have not been reported previously for intact human lenses (Tables 4, 5 ). The decreases in protein abundance observed in this study result from their absorption of 302 nm UVB radiation and its photoproducts, N-FK and related species.
9,11,43, 44 The reduction in ␣-crystallins may suggest that the ␣-crystallins bind to UVB-denatured proteins. Based on cell culture data (Fig. 4) , one possible candidate for such interaction is the cytoskeleton.
In addition to these crystallins, G3PDH, aldehyde dehydrogenase 1 (ALDH1), and ␤B1-crystallin are among the most UVB-sensitive proteins in the human lens (Table 4) . Photochemical damage to human lenses has previously been shown to reduce activity of the enzyme G3PDH, 45 which functions as an important component of the protective enzyme systems in the lens. ALDH1 is highly abundant in the adult lens and was reported to be a component of crystallin complexes in old human lenses. 46, 47 Importantly, the senofilcon A class 1 UVblocking contact lenses protected against the loss of ALDH1 from the lens epithelium/cortex (Table 4 , Fig. 5 ). It should be noted that our study was limited by the fact that each spot analyzed contained multiple proteins. Spectrum counts shown in the tables suggest that the proteins with the highest spectral counts changed the most, but this is not guaranteed. If one protein stood out above all others (e.g., spot 2614 in Table 1 , in which 41 of the assigned spectra are for lamin A/C), we can surmise that this protein was likely to be changed the most by UVB radiation. In addition, we did not separate the central lens epithelium from the cortical fibers in our experiments; thus, we cannot be certain of the localization of the human lens proteins that were affected by UVB radiation. However, most Table 4 . Top: gel with the protein spot encircled (red); middle: 3D data representation; bottom: quantitation of the proteins contained within the spot.
of the UVB radiation that impinges on the lens was absorbed by the central lens epithelial and cortical fiber cell proteins, which we analyzed together. Therefore, the reported UVB-induced effects are important and relevant to the human lens.
UVB and UVA radiation from sunlight can reach the eye. 48, 49 Although the cornea absorbs most of the UVB radiation, a small amount of UVB penetrates the lens and is absorbed by lens epithelium and cortical fiber cells. This penetrating UVB radiation causes cataracts in animal models. The fluence used in this study is roughly equivalent to 85 hours of sunlight exposure by the human lens. 1 However, this is an estimate only, and, because absorption by the lens chromophores is greater at 302 nm than at 305 or 310 nm, 1568 mJ/cm 2 of 302 nm radiation will be more damaging than longer wavelengths of UVB radiation. The aggregation of lens proteins, the formation of tryptophan photoproducts, and the loss of visible light transmission have been extensively studied in animal models of human cataracts and lens aging.
6,10,50 -53 UV-absorbing chromophores, which include tryptophan residues, tryptophan photoproducts such as N-FK, and lens glycation products, enhance light absorption and photodamage in the lens with age. Epidemiologic studies suggest a correlation between increased UVB exposure and risk for cortical cataracts 15 ; however, estimates for UVB exposure do not include cumulative childhood exposure. Determining childhood UV exposure and including such an estimation in epidemiologic studies would further assist in understanding the mechanisms of human cataract formation and the role of UVB radiation in this process. 16 In this study, UVB exposure of human lens induced the loss of ␣A-, ␣B-, ␤B1-, ␤B2-, ␤A3-, and ␤S-crystallins, and this decrease was partially prevented by UV-blocking contact lenses. Thus, these results support the hypothesis that wearing class 1 UV-blocking contact lenses provides some protection to the lens compared with non-UV-blocking contact lenses. These findings are supported by previous reports that UV-blocking contact lenses minimize UV-induced ocular damage. 20, 54 In agreement with this, the lotrafilcon A non-UV-blocking lenses did not prevent UVB exposure-induced changes in human lens proteins. Thus, UV-blocking senofilcon A contact lenses may be a useful way to protect the lens from solar UVB damage. In conclusion, senofilcon A class 1 UV-blocking contact lenses are beneficial for protecting against UVB-induced changes in protein abundance in lens epithelial cells and human lenses. Tables 1-5) indicate proteins with positive fold increase as shades of red and those with negative fold increase with shades of green. Increased magnitude is indicated by a more intense color. Expression of the cytoskeletal protein network (blue outline) was increased as a group by UVB irradiation. In contrast, expression of crystallins as a group decreased with UVB irradiation (red outline). The green line shows a third network containing heat shock proteins. Expression of heat shock protein Hsp90 decreased, whereas that of the small heat shock protein Hsp27 (HSPB1) was increased by UVB irradiation.
